The present report describes two similar thoracoscopic procedures performed on the same 81-year-old male patient. Because acute hypoxia had developed during one-lung ventilation on the first occasion, serial blood gases were taken during the second. Also, whereas on the first occasion the non-ventilated lung had been left open to air when one-lung ventilation was initiated, on the second it was connected to an ambient pressure oxygen source with the object of theoretically enabling apnoeic oxygenation during lung collapse. It is argued that this fundamental difference in anaesthetic practice may have contributed to the improved oxygenation that was recorded during the second thoracoscopy.
A second and similar thoracoscopic procedure planned for an 81-year-old male patient presented an opportunity for a within-patient comparison of two different strategies for one-lung ventilation. In the fi rst anaesthetic the non-ventilated lung was left open to air when one-lung ventilation was initiated, while in the second it was planned to exclude nitrogen from the non-ventilated lung and connect it to an oxygen source at ambient pressure. It is hypothesized 1 that this enables so-called apnoeic oxygenation 2,3 via the denitrogenated, non-ventilated lung as it collapses.
CASE HISTORY
At an interval of eight weeks, two right video-assisted thoracoscopic (VAT) procedures of similar duration were performed on a tall 81-year-old, 73-kg male patient. He had presented with increasing dyspnoea, diffi culty in taking a deep breath, recent weight loss, and a history of asbestos exposure. Chest X-ray and CT scan showed a large right pleural effusion, pleural plaques and paratracheal lymphadenopathy. At the fi rst thoracoscopy a 2.5 litre volume of straw-coloured pleural fl uid was removed by suction, and talc pleurodesis performed. Pleural biopsy demonstrated invasive malignant mesothelioma. The second thoracoscopy was performed in an endeavour to slow the continuing right-sided pleural effusion. On this occasion the patient was generally less well, a 1.2 litre volume of fl uid was removed and pleural abrasion performed.
The anaesthetics on the two separate occasions were similar in two important respects. They were of similar duration, 60 minutes for the fi rst and 65 minutes for the second, and in both a left-sided 39 FG Sher-i-bronch double-lumen tube (Sheridan, Hudson Respiratory Care Inc., Temecula CA, U.S.A.) was used to achieve lung separation with its correct position confi rmed with fi breoptic bronchoscopy. The two anaesthetics were administered by different consultant anaesthetists, with a different senior anaesthesia trainee in attendance on the two occasions.
Anaesthesia on the fi rst occasion was with midazolam 1.5 mg, a total of 150 μg fentanyl, propofol 130 mg, rocuronium 50 mg and desfl urane in oxygen/air (50:50 mixture). Four separate doses of metaraminol 0.5 mg and a single dose of esmolol 10 mg were administered, the former to support the systemic arterial pressure and the latter in response to a tachy- the approximately fi fteen minute period required for the thoracoscopic surgery the SpO 2 fell to between 85 and 89%, despite an early increase in the F I O 2 to 1.0. With the resumption of two-lung ventilation, and without any readjustment of double-lumen tube position, the SpO 2 returned to 99%.
In light of the previously low SpO 2 on one-lung ventilation, a decision was taken to measure serial arterial blood gases during the second thoracoscopy. The patient was informed of this intention and of the intention to record data from the clinical monitors (SpO 2 , end-tidal PCO2 (P E8 CO 2 ) and F I O 2 ) at the times the arterial samples were taken. The fi rst arterial sample was taken before induction of anaesthesia, whilst breathing air. The second was to be taken with the anaesthetized patient positioned for surgery and on two-lung ventilation. The third sample was to be taken after 5 minutes of one-lung ventilation before the chest was opened, the fourth and fi fth 5 and 10 minutes respectively after the chest had been opened to air, and all subsequent samples at 10-minute intervals for the duration of one-lung ventilation. Thoracoscopic surgery was to proceed uninterrupted.
Anaesthesia on the second occasion was with midazolam 1.5 mg, a total of 300 μg fentanyl, propofol 100 mg, rocuronium 50 mg and sevofl urane in oxygen and nitrous oxide (F I O 2 0.5). A single intravenous dose of ephedrine and fi ve separate doses of metaraminol 0.5 mg were administered to maintain the systemic arterial pressure at a level similar to that recorded during the fi rst anaesthetic. Although the systemic arterial pressures were similar during the periods of one-lung ventilation, the pulse rate of 85 to 90 bpm during one-lung ventilation in the fi rst anaesthetic was higher than the 75 to 85 bpm recorded during the second. On this second occasion an oxygen reservoir at ambient pressure 4 was connected to the non-ventilated lung when one-lung ventilation was initiated. For 10 minutes the SpO 2 remained at 99% on an F I O 2 of 0.49, and at the completion of surgery after 25 minutes of one-lung ventilation the SpO 2 was 97 to 98% with an F I O 2 unchanged at 0.49 ( Table 1) .
The arterial blood gas sampling from the cannula in the left radial artery did not go according to plan. Although the fi rst sample with the patient awake and breathing air was taken without diffi culty, the second with the patient positioned for surgery proved impossible. The arterial blood pressure trace was undamped, but an arterial sample could not be withdrawn. By the time a cannula had been placed in the right radial artery, the surgeon was ready to insert the thoracoscopic port and hence open the chest. Thus, although the planned second arterial sample was taken, the planned third sample would have involved a fi ve-minute delay and hence was omitted. The actual 'third' arterial sample was taken after 5 minutes of one-lung ventilation with the chest open to air. Fourth, fi fth and sixth samples were taken after 10, 15 and 25 minutes respectively of one-lung ventilation, the sixth being taken immediately before the resumption of two-lung ventilation.
The P a O 2 and P a CO 2 results are shown in Table 1 , along with the F I O 2 , SpO 2 , P E8 CO 2 and arterial endtidal PCO 2 difference (P( a-E8 )CO 2 ).
The early postoperative periods following both thoracoscopies were uneventful. 
DISCUSSION
It may well be said that one case does not prove anything. Also, and undeniably, there are a number of factors that can predispose towards the development of arterial oxygen desaturation during onelung ventilation [5] [6] [7] . However, the relatively minor differences in the cardiovascular status, or degree of hypoxic pulmonary vasoconstriction (HPV) expected from the use of either desfl urane in the fi rst or sevofl urane in the second anaesthetic 8 , should not have had a major infl uence. The two most plausible explanations for the difference in arterial oxygen saturation are an unrecognised partial displacement of the double-lumen tube in the fi rst anaesthetic, or alternatively, in the second anaesthetic, improved oxygenation as a consequence of apnoeic oxygenation as the non-ventilated lung was collapsing 1 .
Possible displacement of the double-lumen tube in the fi rst anaesthetic seems unlikely. The doublelumen tube was appropriately sized, its position was confi rmed with fi breoptic bronchoscopy, there was no surgical lung traction, and the SpO 2 returned promptly to 99% on the return to two-lung ventilation. Therefore, it is reasonable to consider that the exclusion of nitrogen from the non-ventilated lung and the associated utilization of apnoeic oxygenation may well have been responsible for the well-maintained oxygenation in the second anaesthetic.
Nitrogen was almost certainly present in the nonventilated lung in the fi rst anaesthetic. At the time one-lung ventilation was initiated the fraction of nitrogen in the ventilating gas mixture would have been approximately 0.4. Then, with the non-ventilated lung left open to air, further nitrogen would have entered from the atmosphere as a consequence of both tidal gas movement and ongoing oxygen uptake 9 . Tidal gas movement, which occurs out of and back into the non-ventilated lung with each cycle of ventilation of the ventilated lung, would have continued until the chest was opened. Also, as a consequence of this patient's pathologically thickened visceral pleura, it may well have continued to a small degree throughout the whole 25 minutes of one-lung ventilation 4 . The markedly thickened visceral pleural may possibly have had another relevant effect. It could conceivably have restricted the usually prompt initial elastic recoil lung collapse 10 such that the lung failed to collapse down to the point at which airways closure occurred. If this were the case, ongoing oxygen uptake via the doublelumen tube left open to air would have continued to entrain air, and hence further nitrogen would reach the lung.
During the second anaesthetic, tidal gas movement was seen, as expected, to occur between the nonventilated lung and the oxygen source before the chest was opened. After the chest was opened, apnoeic oxygenation of the pulmonary blood fl ow shunting through the lung would in theory have continued as the lung collapsed down, so delaying the development of arterial desaturation 1 .
Studies on the possible merits of excluding atmospheric nitrogen from the non-ventilated lung 11, 12 are inconclusive 13, 14 . Because the underlying respiratory function and lung pathology varies markedly in different thoracic surgical patients, any study conducted in the clinical setting should involve withinpatient comparisons. The non-ventilated lung would have to be re-expanded with oxygen between each individual measurement sequence to eliminate atmospheric nitrogen that may have entered during a preceding sequence, and any surgical lung compression or distortion would have to be avoided as it can infl uence the level of intra-pulmonary shunting 15 . An alternative approach would be to use laboratory animals, but major problems are inherent with many animal models 16 .
With regard to the present case report, no problems were experienced with double-lumen tube placement and one-lung ventilation in either of the anaesthetics, and minor differences in cardiovascular status and in possible impairment of HPV due to the use of volatile anaesthetics would not be expected to have had a major infl uence on SpO 2 . The factor most likely to be relevant was the exclusion of nitrogen from the non-ventilated lung in the second anaesthetic and the utilization of apnoeic oxygenation as the lung was collapsing down.
